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A filter for ivater and a method for its manufacture 
Area of engineering 

The invention relates to water purification devices, in particular, for potable water, by 
means of mechanical and ion-exchange purification as well as to metliods of their manufacture. 

Previous engineering level 

It is known that there is a filter for an additional purification of potable tap water [1] 
containing a cylindrical housing, a sorption filtration element located mside tlie housing and a 
lock tastening the device on a tap; at that the filtration element fi-om resorcin-formaldehyde resin 
is made in the form of a cfup located coaxially inside the housing with a gap; in addition, the cup 
Willi tliickness is 2/3 of its diameter, and the detachable outlet pipe and the inlet valve equipped 
with a locking nut are located at an angle being not less than 45^ to the filter housing. Here, the 
ratio of the internal diameter of the housing to the outer diameter of the filtration element is 
made equal to 1 :0.73-r0.85. 
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A drawback of the device is that the cup from ion-exchaiige resorcin-foniialdehyde resin 
does not have a sufficient mechanical strength, the cup pore size is not controlled and the main 
thing is that it is not protected against sudden emissions of contaminated water, which leads to 
immediate clogging of the pores and poisoniiig of the flirtation element. Its regeneration is 
impeded. 

It is known that there is a method for the production of a micropore filter by treating a 
Him from polyethylene-terephthalate by a solution of the water-acetone mixture with the acetone 
concentration of 40-30 vol. % [2]. Its drawback is that it has no selectivity and the sorption 
ability of the tlltration product in respect to polyvalent cations of magnesium, calcium, 
aluminium, zinc, cadmium, manganese and iron as well as that it does not allow to control the 
filter material pore size during the filter manufacture process. 

It is known that there is a method for the production of moulded materials based on urea- 
formaldehyde acid [3 ] including poiycondensati.on of urea and formaldehyde in a water medium 
and moulding; at that the polycondensation of lurea and formaldehyde and moulding of the resin 
being generated are carried out by means of holding of a water solution of urea, formaldehyde 
and an acidic catalyst with their mass ratio being equal to 1:(0.5-1.0):(0.01-0.12) respectively 
and the urea concentration of 250-600 g/1 in the static conditions in a leak-tight mould during 10- 
50 minutes at 15-25*C and for the production of a porous moulded material the urea is used with 
the solution concentration of 250-400 g/1. In order to secure mechanical strength, resorcin is 
added in the amount of 10- 1 5% of the urea mass. 

The mateiial obtained by this method is sufficiently cheap but its mechanical strength is 
low for its use as a filter for water. 

The theoretical justification of ion-exchange processes is set forth in the book of [4]. 

It is known that there are Geyser filters, of various modifications for the purification of 
potable tap water, for example, Geyser-32 [5]. Their distinctive ability is the availability of an 
ion-exchange fUtration element (elements) installed in the bousing and based on resorcin- 
formaldehyde resin, with a possibility of its regeneration by the method of washing by a back 
water flow and purging by compressed air (up to 7 kgf/cm^). 

Its drawback is that it is also susceptible to clogging by sudden emissions of 
contaminated water» which leads to poisoning of the ion-exchange element. 



Nevertheless, by its design and the materiab being used, it is mostly close to the technical 
essence of the device being proposed and can serve as its prototype. 

Disclosure of invention 

The task of this device is to provide a possibility of regulation of the filtration ability of 
the filtration element for various purification degrees; in addition, it has an increased strength 
and it is protected from poisoning at the moment of sudden emissions of strongly contammated 
water as well as its correction depending upon what water is contaminated with and what degree 
of purification is required to achieve. 

The problem stated above is solved by selecting a size of the filtration element pores for 
the required purification degree bearing in mind that the size significantly influences on the fiker 
performance. To this end, there is a fiher for water containing a housing equipped with inlet, 
outlet and drain branch pipes with corresponding shutofF valves and the main filtration element 
made from an ion-exchange material and having the inlet and outlet surfaces for the liquid being 
fihered. In doing so, the ion-exchange materiiU of the main filtration element is made to be 
volumetric, of the required geometrical shape, it is armoured by a load-bearing reinforcement 
attached to a perforated support and it constitutes a continuous porous fi-amework from 
microglobules with pores of the required size. The liquid flow-rate and the rate of filtration 
through a flat filter is determined by the foUowijig dependencies: 

where k is the empirical coefficient for the filtration material of the inlet surface, mm^/s; 
S is the area of the inlet surface of tlie filter, mm^ 

/iv is the pressure head being lost fi-om the inlet surface of to the outlet surface of Soia, 
kg/mm^; 

L is the filter layer thickness, mm; 

h 

J = is the head gradient (the value of head drop per a unit path length), kg/mm^. 
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For a filter in the form of a hollow cylinder, the ratios remain as before, but in the above- 
mentioned equation S^, the outlet surface area, should be taken as S, The comparison of objects 
for the flat and cylindrical filters 

provided equal thickness (L) of the filtration layer and other equal conditions, shows that the flat 
filler has a lesser volume of tlie filtration materi;U mass. 

It is evident that from the point of view of the material consumption, the flat filter is more 
beneficial than the cylindrical one and the more so than the conical filter, as it has a lesser 
volume. 

Tlie drop of the pressure head per a unit path length {Jji) is constant with the flat fiher, 
and for the cylindrical filter the head gradient (Jcy/) sharply grows from the inlet surface to the 
outlet surface (taking the outer cylinder surface as the inlet surface). It is caused by a decrease of 
the free cross -sectional area of the filter with the liquid motion fi om the periphery to the centre. 
But at the same time the velocity of liquid at the cylindrical filter inlet is far less than that for the 
flat filter. This velocity decrease improves tlie ion exchange and sorption parameters. The 
contaminant particles settle in the outer layers of the fdter and on its protection layer, which 
creates prerequisites for a better filter regeneration. 

The authors have proposed the following f ormulae for the calculation of required fitter 
\olumes: 

i>' =^-~forthe flat filter; 

y _ g'l + _ jv^j. hollow cylindrical filter, 

where Q is the required flow-rate of the liquid being purified, kg^s; 

I is the fihering layer thickness, mm; 

d is the internal diameter of the cylindrical filter, mm; 

dk and Dk are tlie internal diameters of the upper imd lower cross-sections of the conical fitter, 
mm; 
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^ = 0.12 - 0.14, mni/s, is the experimental coefficient for the material obtained with the 
spatial globular structure. 

In doing so, the inlet surface of the main fihration element is covered by an additional 
filtration corrective protection layer of a finely ^yained substance introduced in the form of 
powder via a loading valve in the housing cavity into the flow of filtration liquid deposited on 
the inlet surface of the main filtration element and dynamically retained on it by the liquid 
vetociiy head, the powder granule size is greater than the size of ion-exchange material pores, 
and the additional volume being introduced into it, depending upon the main filtration element 
shape, is determined according to the following expressions: 

P;^ = HBL , mm^ for the flat filter, 
^ad4 ^A(D + A) , mm\ for tlie cylindical filter; 
Kdd = «f^(«A+rA+ A*), mm^ for the conical filter, 
whei\^ H is the filtration element height, 

B is the filtration element widtla, mm; 

D is the filtration element diameter, mm; 

R is the radius of the lower conical base, mm; 

r is the radius of the upper conicaJ base, mm; 

A is the required thickness of the protection layer, mm. 

The filter can easily be made in various geometrical shape, which depends upon the 
housing design, for example, in the form of a hollow cylinder, a hollow cone, a plate or any other 
geometrical figure, as it is manufactured by casting into a mould. The optimal ratio of the of the 
inlet surface of the filter to its outlet surfece equals to 1.6 r 2.6. 

' The volumetric reinforcement is made fi^m a fibrous non-woven sheet material, for 
example, synthetic mnteriser. As a filtration material of the protection additional layer, various 
substances are used depending upon the required correction of the composition of finished 
product, i.e. water. To this end, non-required and harmfiil substances are to be removed fi-om the 
biitial liquid to be filtered and then necessary ^md useful substances are to be added; water pH 
value shall be changes, if the main filter is not capable to do this. For example, using a 
pheraically inert substance as the protection layer material, for example, perlite, we will in no 

. way affect the composition of purifiied water. The additional layer performs the protection 
function only. 



But if a chemically active substance if used as a filtration material of the additional layer, 
for example, resorcin-formaldehyde resin, then the purification functions of the additional layer 
will beenhajiced. 

Dolomite is used as a material of the additional protection layer correcting the pH value 
of water being filtered. 

In order to protect filtered water fiom harmful microorganisms, a bacteriostatic 
substance, for example, active silver, is introduced into the material of the additional protection 
layer. 

For the realisation of the filter design being declared, a filter manufacture method has 
been proposed, including preparation of the reaction mixture of polymer-forming reagents and 
conduction of the reaction with obtaining of the filtration element of the given shape, differing 
by the fact that at the reaction mixture preparation one shall first dissolve resorcin in water, then 
wann up the solution up to 40''-50**C, then introduce the catalyst, stir up and add formaldehyde 
after homogenisation of the solution, hold at the room temperature until the solution gets turbid; 
then the pol>'mer solution obtained shall be poured into the mould, with the perforated support 
and the load-bearing reinforcement being preliminarily installed in it, such mould being made in 
the form of a sheet non- woven volumetric material laid in one or several layers and fixed on the 
perforated support; then the mould shall be thermostated in two stages: first the polymer is to be 
held until a gel is generated at the pouring ttimperature and after that at the temperature of 
. 95*'C; after cooling to the room temperature the porous ion-exchange element obtained 
shall be removed fi-om the mould and placed into the filter housing, which is to be filled by a 
suspension of a finely grained hydrophilous pov^rder, which granule size is greater that the size of 
ion-exchange element pores; the suspension shall be bubbled; an easily breakable additional 
protection corrective filtration layer shall be created on the inlet surface of the element by 
settling granules of the above-mentioned powd€T on the inlet surface of the element, and after its 
complete coverage by a layer of the given thid.<ness, the layer shall be retained by the velocity 
head of the flow and after contamination the layer shall be removed by the back flow of the 
hquid. 

Tlie bubbling of the finely grained powder suspension is carried out by the flow of the 
liquid being filtered and/or by aeration of tlie liquid being filtered. 

A distinctive peculiarity of the method is a possibility of regulation of the filter pore size, 
tlie ion-exchanging activity' of the filter by changing the concentration of initial components. The 
mechanical strength of the main ion-exchange element as well as the content of formaldehyde in 
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water are determined by the ratio of the number of cross-linking ether bonds to the number 
methylene bonds, It is well-known that the mechanical characteristics of a resorcin- 
fontialdehyde substance are proportional to the amount of formaldehyde, which it releases, 
however an excessive amount of formaldehyde is not permissible in potable water. The autliors 
have proposed the optimal ratio of the above-mentioned bonds, which does not permit any 
excess of its maximum permissible limits and is wilhin the range of 0.8- 1 .2, 

The optimal ratio of ingi edients is given in the following table. 



Concentration 
of polymer- 
forming 
reagents, 
mass. % 


Formaldehyde 
/ resorcin 
ratio, 
moles 


Ratio of the 
numbers of 

ether / 
methylene 

bonds 


Pore size 
obtained, 
|iun 


Size of 
granules of 
the protection 
layer powder, 

|um 


Thickness of 
the protection 

layer, 
\xm 


50-40 



2.5 : 1 


1.2 


0.001-0.02 


0.03-0.3 


0.01-0.05 


40-35 

1 


2.0: 1 


1.15 


0.02-0.2 


0.3-4.0 


0.05-0.2 


35-25 

1 


1.8: 1 


0.9 


0.2 - 0.3 


4.0-10.0 


0.2-1.0 


1 25-20 

1 


1.5: 1 


0.8 


3.0 • 8.0 


10.0-25.0 


1.0 and over 



As is known, ion-exchangers with the groups of -COOH and -OH are obtained as a result 
of the reaction of polycondensation of phenols with resorcin acid, Te exchanging capacity of ion- 
exchangers strongly depends upon tlie pH value of the solution [4]. The most effective pH area is 
withm the pH range of 6-14. The typical property of ion-exchangers is their high selectivity to 
ions of and a relatively high affmity to alkaline-earth metal ions. The selectivity series for 
metal ions have the reverse order as compared vath strong acid ion-exchangers. 

The selectivity series at pH 7 is as foUov/s: Mg^" < Co^* <M^* < Co^^ < Cv?''\ 

The normal series is as follows: }f > Ca^* > Mg^"*" > Mar"^. 

Tlie essence of tlie ion exchange is that active groups are added into a neutral 
hydrocarbon polymer medium retaining positively charged ions (in the given case, sodium ions) 
diie to its negative charge. When water contaniiinated, for example, by iron salt, is passing, the 
iron ions, due to their higher charge force outtfe sodium ions and occupy their place. 
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Brief description of drawings 

Fi^.J shows the filter for water declared It consists of the housing 1 equipped with the 
inlet 2, outlet 3 and drain 4 branch pipes with cotresponding shutoff valves S and 6, the main 
filtration element 7 made from an ion-exchanging material in the form of a hollow cylinder, 
having the inlet 8 and outlet 9 surfaces for the liquid being filtered. The filtration element 7 has 
been armoured by the load-bearing reinforcement 10 attached to the perforated support 11. In 
doing so» the inlet surface 8 of the main filtration element 7 is covered by the additional filtration 
corrective protection layer 12 of a finely grained substance. The housing 1 is equipped with the 
loading valve 13. 

Fig. 2 shows a filter with the conical filtration element, and Fig. 3 d epicts a filter with the 
tl:it filtration element. 

The device operates as follows. 

After studying the nature of water contaminants, water being puiified is supplied into the 
filter housing I though the inlet branch pipe 2, and depending upon the appearance of the 
contaminants the powder composition sliould tie selected for the additional filtration corrective 
protection layer. The powder shall be poured into the cavity of housing 1 with the water being 
purified through the loading valve 13. The powder generates a suspension in the flow, which, 
while passing through the main filtration element 7, is settling on its inlet surface 8 with the 
generation of a protection layer of the identical thickness. Water, passing through the protection 
layer 12, which mechanically retains the main amount of impurities, is being preliminarily 
purified from harmful impurities and acquires necessary additives, then it follows through the 
main filtration element 7 where it is subjected to the ion exchange being fmally purified and 
supplied to the user through the outlet branch pipe 3. 

The design is especially effective at sudden salvo emission of contaminated water with a 
huge amount of contaminants. In this case, the fvotection layer 12 perceives the whole volume of 
contaminants, thus preventing poisoning of the main filtration element 7. 

The filter regeneration is carried out by a back flow of water. To this end, the shutoff 
valve 5 on the inlet branch pipe 2 is to be closed and the valve 6 on the drain branch pipe 4 is to 



be opened. The contaminants being accumulaled along with the protection layer shall be 
removed and the fihering properties of the filt<jr shall be restored by means of filling of a new 
portion of the powder. 

The best version of the Invention implementation 

The selection of the best version of the invention implementation shall be carried out on 
the basis of specific conditions to be determined by the composition of water being supplied to 
purification and by the required parameters of the finished product, i.e. potable water. 

Example 1. A filter for water being strongly contan:iinated by iron salts. 

Lxtad 420 ml of water, 130 g of resorcin, 140 ml of 37% formalin and 3 ml of 
hydrochloric acid (d=1.18) into the reactor. Stir up the reaction mixture at the temperature of 
40°C up to turbidity, pour mto the mould, into which the volumetric reinforcement was 
preliminarily installed, themiostate the mould at 45°C until the gel generation is completed (3 
hours) and then at 80^C during 24 hours. Upon cooling, remove the ion-exchange filtration 
elements with the pore size of 8 ^m obtained, place it into the filter housing, which shall be filled 
with a suspension of the finely grained powder of resorcin-formaldehyde resin in water (the 
powder granule size of 20-25 pm, the particulate concentration is 5 g/1), by bubbling wash up a 
protection layer with the thickness of 1.9 mm on the inlet surfece retaining it by the flow of 
liquid being filtered 

Example 2, A bacteriostatic filter for water containing hazardous microorganisms. 

Load 410 ml of water, 120 g of resorcin, 370 ml of 37% formalin and 3 ml of 
hydrochloric acid (d=1.18) into the reactor. Add 300 mg of active silver. Stir up the reaction 
mixture at the temperature of 40°C up to turbidity pour into the mould, into which the volumetric 
reinforcement was preliminarily installed, thermostate the mould at 45*0 until the gel generation 
is completed (3 hours) and then at 80°C during 24 hours. Upon cooling, remove the ion- 
exchange filtration elements with the pore size of 0.001-0.02 pm obtained, place it into the filter 
housing, which shall be filled with a suspension of the finely grained powder of resorcin- 
formaldehyde resin in water (the powder granule size of 0.03-0.3 |im), by bubbling wash up a 
protection layer with the thickness of 0.01-0.05 mm on the inlet surface retaining it by the flow 
of liquid being fihered. 
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At the filtration of water contaminated by niicroorganisms, the suppression of the 
multiplication of filtered microorganisms takes place. 

An example of calculation of the filtering mass volume. 

Set the required performance of the filter: Q = 10 1/min, the filtration layer thickness 
L = 30 mm, k = 0.12 mm/s, the head drop at the length of L equals to hv = 0.1 g^mm^. 
Substituting the values taken into the above-menticmed formula for the cyhndrical filter volume, 
calculate V=18.75 dm^ 

Industrial applicability 

The applicant has manufactured protot;^es of the invention being declared. There are 
tUtration elements of various geometrical shape: flat, in the form of hollow cylinders and cones. 
The most successful, from the point of view of design layout, have become cylindrical elements. 
The tests conducted have provide all advantages declared. In doing so, the following technical 
specifications have been achieved; 

Maximal diametei" 75 mm 

Height: 245 ram (for standard housings 10 inches); 

120 mm (for standard housings 5 inches). 

It is possible to connect cartridges with threaded joints into cassettes: 

490 mm (for standard housings 20 inches); 
735 mm and over (for non-stand)rd housings). 

Capacity: from 3 to 20 1/min (depends upon the porosity). 

Maximal working pressure: 6 aim. 

Maximal working temperature of water: up to lOO^'C. 

Total resource: not less than 25 000 1. 

Weight: not more than 0, 8 kg. 

/ Tlie mechanical regeneration consists of the removal of filtered suspension from the 
filtration element surface (by a brush under a wjiter jet in the domestic conditions or by backflow 
of water or compressed air in the event of industrial cleaning). 

ITie chemical regeneration consists of th e recoverj^ of the sorption ability of the filtration 
element material during its treatment by acid. 

Minimal value of a litre of purified water with the required quality of cleaning due to a 
possibility of multiple regeneration of the filtration element. 
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Possibility of hot water filtration 

The self-indication of the necessity of regeneration is determined by the reduction of the 
purified wata- flow. 

Possibility of using filters with different properties: various porosity and performance, for 
"soft" and "hard" water, for water with an increiised content of dissolved iron, etc. 

Effectiveness of cleaning 

Suspended particles > 1 jiun - up to 98% 

Microbes and colibacillus - up to 99.9% 

Heavy metals - up to 99% 

Organic compounds and chlorine - up to 96% 

Hardness salts* - up to 90% 

♦The ion-exchange filter for hard water is capable to remove from water up to 12 g of 
calcium and up to 8 g of dissolved iron, after which chemical regeneration is required. The 
regeneration process frequency depends upon the hardness of water and upon the concentration 
of dissolved iron in purified wata*. 

The material uniqueness consists of the fact that even after saturation by hardness salts it 
changes their structure no removing them from water so that water having passed through the 
tiher gives no sediments and scale. 



Technical specificatious 


Material pore size, (xm 


0.05- 

0.1 


0.1- 

0.5 


0.5- 
l.O 


l.O- 
0.5 


1.5- 
2.0 


2.0- 
3.0 


3.0- 
4.0 


Performance, l/min 


3-5 


6-8 


9-11 


12-15 


16-20 


20-30 


30-40 


Effectiveness of cleaning from 
pathogenic microbes, % 




Colibacillus 


99.9 


99 


97 


90 


75 


58 


30 


Coli-fags 


99.9 


98.5 


90 


80 


70 


50 


35 


Penetration of viruses through 
the filter 




Hepatitis A 


No 


No 


No 


Yes 


Yes 


Yes 


Yes 


Rotoviruses 


No 


No 


No 


No 


Yes 


Yes 


Yes 



12 

References 

1 . Useful model No. 818, 1993. Filter foir additional purification of potable tap water. 

2. Author's Certificate No. 715501, 19S0, A method for the production of a micropore 
polymer filler. 

3. Author's Certificate No, 1162822, 1980. A method for the production of moulded 
materiaJs based on urea-formaldehyde resin. 

4. M. Marhol, Ion-exchangers in analytical chemistry. Part 1. - M.: Mir, 1985. 

5. Mainline filters, Geyser-32 Filter. Opei-ating Instruction. - St Petersburg, 2000 (a 
prototype). 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 
C^ADED TEXT OR DRAWING 

^ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

^.INES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 



□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



